Compression stockings significantly improve hemodynamic performance in post-thrombotic syndrome irrespective of class or length  by Lattimer, Christopher R. et al.
From
Auth
Pres
30
Rep
to
3H
The
to
m
0741
Cop
http
158Compression stockings signiﬁcantly improve
hemodynamic performance in post-thrombotic
syndrome irrespective of class or length
Christopher R. Lattimer, MBBS, FRCS, MS, FDIT,a,b Mustapha Azzam, MD, MSc, PGD,b
EviKalodiki,MD,PhD,FRCS,a,bGregoryC.Makris,MD,a,b andGeorgeGeroulakos,MD,FRCS,PhD,a,bLondon
and Middlesex, United Kingdom
Background: Graduated elastic compression (GEC) stockings have been demonstrated to reduce the morbidity associated
with post-thrombotic syndrome. The ideal length or compression strength required to achieve this is speculative and
related to physician preference and patient compliance. The aim of this study was to evaluate the hemodynamic perfor-
mance of four different stockings and determine the patient’s preference.
Methods: Thirty-four consecutive patients (40 legs, 34male) with post-thrombotic syndromewere testedwith four different
stockings (Mediven plus open toe, Bayreuth, Germany) of their size in random order: class 1 (18-21 mmHg) and class II
(23-32 mm Hg), below-knee (BK) and above-knee thigh-length (AK). The median age, Venous Clinical Severity Score,
Venous Segmental Disease Score, andVillalta scale were 62 years (range, 31-81 years), 8 (range, 1-21), 5 (range, 2-10), and
10 (range, 2-22), respectively. The C of C0-6EsAs,d,pPr,o was C0[ 2, C2[ 1, C3[ 3, C4a[ 12, C4b[ 7, C5[ 12, C6[ 3.
Obstruction and reﬂux was observed on duplex in 47.5% legs, with deep venous reﬂux alone in 45%. Air plethysmography
was used to measure the venous ﬁlling index (VFI), venous volume, and time to ﬁll 90% of the venous volume. Direct
pressure measurements were obtained while lying and standing using the PicoPress device (Microlab Elettronica, Nicolò,
Italy). The pressure sensor was placed underneath the test stocking 5 cm above and 2 cm posterior to the medial malleolus.
At the end of the study session, patients stated their preferred stocking based on comfort.
Results: The VFI, venous volume, and time to ﬁll 90% of the venous volume improved signiﬁcantly with all types of
stocking versus no compression. In class I, the VFI (mL/s) improved from a median of 4.9 (range, 1.7-16.3) without
compression to 3.7 (range, 0-14) BK (24.5%) and 3.6 (range, 0.6-14.5) AK (26.5%). With class II, the corresponding
improvement was to 4.0 (range, 0.3-16.2) BK (18.8%) and 3.7 (range, 0.5-14.2) AK (24.5%). Median stocking pressure
(mm Hg) as measured with the PicoPress in class I was 23 (range, 12-33) lying and 27 (range, 19-39) standing
(P < .0005) and in class II was 28 (range, 21-40) lying and 32 (range, 23-46) standing (P < .0005). There was
a signiﬁcant but weak correlation (Spearman) between stocking interface pressure measured directly with the PicoPress
and the VFI improvement (baseline VFIecompression VFI) at r [ .237; P [ .005. Twenty-one patients (legs) changed
their preference of compression and 38% of these (8/21 patients, 9/21 legs) preferred an AK-GEC stocking.
Conclusions: Compression signiﬁcantly improved all hemodynamic parameters on air plethysmography. However, the
hemodynamic beneﬁt did not signiﬁcantly change with the class or length of stocking. These results support the liberal
selection of a GEC stocking based on patient preference. (J Vasc Surg 2013;58:158-65.)Graduated elastic compression (GEC) stockings are an
established intervention for the prevention1-4 and the treat-
ment of the post-thrombotic syndrome (PTS).5 Although
clinical evidence of their efﬁcacy is proven, the optimal
compression strength or length of stocking required to
achieve this is not known. Furthermore, there is usually
a trade-off between compression strength and length of
stocking against compliance. Stronger or longer stockingsthe Imperial College, Londona; and the Ealing Hospital, Middlesex.b
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://dx.doi.org/10.1016/j.jvs.2013.01.003are perceived to be better but are also perceived to be
harder to apply and wear for longer periods. Many physi-
cians are rigid in their prescribing, insisting that a below-
knee (BK) or above-knee thigh-length (AK) GEC stocking
is better. A class II (23-32 mm Hg) stocking is usually
chosen over a class I (18-21 mm Hg), and measuring
charts are relied upon to select the appropriate size for
that patient. This takes place usually without the patients
themselves testing and wearing the various stockings that
are available in order to state their preference. Lack of
compliance often hampers the results of clinical trials
comparing stockings in the prevention and treatment of
PTS. Therefore, an objective assessment of stocking perfor-
mance, using improvements in hemodynamic parameters,
may provide meaningful information as to the optimal
stocking for treating PTS.
The main hypothesis is to test a common assumption
that the greater the length and compression of stocking,
the greater the immediate reduction in reﬂux, the main
pathophysiological abnormality in PTS. The aim was to
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stocking was the most effective at reducing reﬂux. A
secondary aim was to evaluate patient preferences as to
which GEC stocking they would prefer to wear having tried
and tested all four alternatives during the study session.
METHODS
Study design. This was a prospective study on 34
consecutive patients (40 legs) with PTS at a single district
general hospital. All patients invited into the study had
a prior diagnosis of PTS using criteria based on physical
symptoms and clinical signs as recommended.6 They
were given a participant information leaﬂet at the time of
their follow-up visit from the venous clinic (29 patients) or
new referrals from the anticoagulation clinic because of
persisting leg symptoms (ﬁve patients, all unilateral).
Patients were given a study appointment a week later and
requested to wear their usual compression as prescribed by
the vascular surgeon or family doctor. Written informed
consent was obtained from all participating patients prior
to the hemodynamic measurements. Inclusion criteria
included patients with leg symptoms (ache, heaviness,
swelling, cramps, itching, or tingling) and signs (edema,
telangiectasiae, pigmentation, secondary varicose veins, and
ulceration) attributable to PTS, a previous deep vein
thrombosis (DVT) >6 months old with duplex evidence of
deep venous damage (reﬂux or obstruction or both).
Exclusion criteria consisted of a recent <3 months recur-
rent DVT or venous ulceration >1-cm diameter.
Four different stockings were used to determine the
best one at reducing reﬂux in that leg. Each patient acted
as his or her own control. The stockings (Mediven plus
open toe, Bayreuth, Germany) were applied in random
order using sealed envelopes. The four stockings used
were class I and class II, BK and AK (thigh length). Each
AK stocking had a waist attachment, but this was not
applied around the waist during the test in order to avoid
abdominal compression as a possible confounding variable.
The stocking size for the leg was determined by measuring
the ankle circumference at the narrowest part and the calf
circumference at its widest part. The appropriate stocking
was then selected using the manufacturer’s sizing chart.
The C part of CEAP,7 the Venous Clinical Severity
Score (VCSS),8 and the Villalta scale (VS)9 are established
assessment questionnaires and were used to grade the clin-
ical severity of PTS. The Venous Segmental Disease Score
(VSDS)8 was determined with duplex and used to identify
the type and extent of the hemodynamic impairment. All
duplex evaluations were carried out by an accredited
vascular sonographer (M.A.) using a 7-MHz linear trans-
ducer attached to an ultrasound machine (iU22; Philips,
Bothwell, Wash). Reﬂux duration of>1 second was consid-
ered signiﬁcant for the deep veins.10 Signiﬁcant obstruction
was deﬁned as occlusion or >50% narrowing of at least half
of the segment of the examined vein.8 The study session
lasted approximately 1 hour. At the beginning of the session,
patients were informed that they would be asked to state
their preferred stocking based on comfort. At the end ofthe session, each patient was offered a prescription for his
or her chosen stocking, which was recorded.
Ethical approval for this study was granted by the
North London (Region 3) Research Ethics Committee
(REC: 11/LO/0345).
Stocking interface pressure. Stocking interface pres-
sure was measured using the PicoPress transducer (Micro-
lab Elettronica, Nicolò, Italy). This instrument was chosen
because it had the least coefﬁcient of variation and the
highest accuracy compared with two other instruments.11
The device comprises a 50-mm inﬂatable diaphragm
(sensor), 0.2 mm thick, attached to a handheld transducer
via a narrow tube.12 The sensor was placed between the
stocking and the leg, 5 cm above and 2 cm posterior to the
medial malleolus. Care was taken to ensure the sensor was
ﬂat by pulling on the connecting tube and by avoiding any
bony prominences.13,14 When 2 mL of air, quantiﬁed by
a precalibrated syringe that is an integral part of the
transducer apparatus, was injected into the sensor, the
interface pressure was displayed on the screen. Dynamic
measurements were taken lying and standing without the
need to recalibrate the probe.
Air plethysmography (APG). APG (APG-1000
apparatus, ACI Medical LLC, San Marcos, Calif)
comprised a sensor air cuff, inﬂation pump, pressure/
volume transducer, and processing software. The method
has been described and validated previously.15 The sensor
measures changes in pressure that are calibrated to reﬂect
changes in volume. The air cuff was applied around the calf
directly on the skin for baseline measurements and then
over each stocking in the supine position. Values were
taken from continuous recordings from the point at which
the patient stood up preceded by a period of leg elevation.
The venous ﬁlling index (VFI) in mL/s is derived from the
venous volume (VV) in mL divided by the venous ﬁlling
time (VFT90) in seconds, which is the time taken to ach-
ieve 90% of the VV. All three parameters were recorded for
each of the ﬁve tests. A VFI #2 mL/s was considered
normal. The APG was used in preference to photo-
plethysmography because it has been shown to be
a better method of evaluating reﬂux,16 although inherent
variations in method error of 13.4% in measuring the VFI
are acknowledged.17
Statistical analysis. Data were collected onto spread-
sheets throughout the duration of the study and transferred
into the IBM SPSS statistics package version 19 (IBM
Corporation, Armonk, NY) at completion. Improvement
using APG was deﬁned as the difference between the initial
parameter values without compression from the values
recorded using each stocking. The nonparametric Wil-
coxon signed rank test was used to assess the signiﬁcance
of an improvement. Correlations between reﬂux without
a stocking compared with improvements in VFI were per-
formed using the Spearman rho test.
Pilot data from our department demonstrated a step-
wise reduction in VFI from no stocking to a BK stocking
and then with an AK stocking. Power calculations for
a type I error (alpha) of 0.05 and a type II error (beta)
Fig 1. Type and pattern of infrainguinal venous disease in
the study group according to the Venous Segmental Disease Score
(VSDS). The number of legs are given below the percentages.
Table I. Characteristics of 40 legs studied
Median
Interquartile
range Range
Age 62 52-73 31-81
VCSS 8 5-10 1-21
Villalta scale 10 5-14 2-22
Patient part 4 1-7 0-11
Physician part 5.5 3-9 0-13
Calf circumference/mm 40 37-44 33-55
Ankle circumference/
mm
24 22-26 21-32
Stocking sizea 4 3-5 1-7
VCSS, Venous Clinical Severity Score.
aBased on the Mediven measuring chart.
Fig 2. Interface pressure 5 cm above and posterior to the medial
malleolus in relation to stocking class and position. The dashed
lines represent the manufacturer’s compression speciﬁcations.
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demonstrate a difference of 1.5 in the VFI between a BK
and an AK stocking with a standard deviation of 2.
RESULTS
Patient characteristics. Forty legs (34 male, 23 left
legs) from 34 consecutive patients (28 male) with PTS
were studied. Six patients had bilateral disease. The median
age was 62 years (range, 31-81 years). The distribution of
the C part of the C0-6EsAs,d,pPr,o classiﬁcation was C0 ¼ 2,
C2 ¼ 1, C3 ¼ 3, C4a ¼ 12, C4b ¼ 7, C5 ¼ 12, C6 ¼ 3.
Severity characteristics, leg measurements, and stocking
sizes are illustrated in Table I. The calf cross-sectional
area at its widest point was calculated by circumference2
/4p. It ranged from a factor of 2.1 to 4.0 times the
value of the narrowest ankle cross-sectional area (median
2.7, interquartile range, 2.5-3).
Pattern of hemodynamic impairment. The median
VSDS as determined using duplex was 5 (range, 2-10)
out of a theoretic total score of 20. The median reﬂux
and obstruction component of this score was 4 (range, 0-
7) and 1 (range, 0-5), respectively, indicating that there
was more reﬂux than obstruction in the legs studied. The
proportions of legs with reﬂux, obstruction, or both are
shown in Fig 1. Of the legs with only reﬂux, 9 of 18
(50%) had concurrent reﬂux in the saphenous trunks. This
compares with 6 of 19 (31.6%) legs with combined reﬂux
and obstruction. None of the patients had complete
occlusion of the femoral or popliteal veins or isolated calf
pathology.
Attempts were also made to match stockings based on
anatomical sites and the pathophysiology of disease. When
legs were divided into calf vein pathology and above (n ¼
28, 70%) or popliteal vein pathology and/or above (n ¼
12, 30%), the differences between the groups were not
signiﬁcant at BK I (P ¼ .679), BK II (P ¼ .274), AK I
(P ¼ .275), and AK II (P ¼ .184). Similarly, when legs
were divided into reﬂux alone versus reﬂux and obstruction,
the results were BK I (P ¼ .171), BK II (P ¼ .171), AK I
(P ¼ .186), and AK II (P ¼ .224). There was a very poor
correlation between the VSDS score and the change in
VFI with a stocking (r ¼ .166; P ¼ .035), too weak formeaningful conclusions. The inferior vena cava and iliac
veins were not assessed.
Interface pressures. As shown in Fig 2, the median
interface pressure either reached or exceeded the pressure
ranges stated by the manufacturer. The interface pressure
was also signiﬁcantly higher when standing than when lying.
There was a signiﬁcant but weak correlation (Spearman)
between stocking pressure measured directly with the Pico-
Press and the VFI improvement (baseline VFI e compres-
sion VFI) with all four stockings at P ¼ .005; r ¼ .237.
APG parameters with different stockings. The VFI,
VFT90, and VV signiﬁcantly improved with all types of
stocking vs no compression. The values of each parameter
are presented in Table II.
Fig 3. Signiﬁcant reductions in venous ﬁlling index (VFI) in
relation to class and length of stocking. The dashed line represents
no improvement. AK, Above knee; BK, below knee.
Fig 4. Signiﬁcant increases in venous ﬁlling time (VFT) in relation
to class and length of stocking. The dashed line represents no
improvement. AK, Above knee; BK, below knee.
Table II. Changes in air plethysmography parameters
following the application of various stockings
VFI VFT90 VV
No compression 4.9 (5.1) 20 (17) 121 (87)
BK class I 3.7 (4) 25% 23 (18) 18% 100 (69) 17%
BK class II 4 (4.3) 19% 27 (20) 36% 112 (80) 7%
AK class I 3.6 (3.5) 27% 26 (16) 31% 119 (76) 2%
AK class II 3.7 (4.3) 25% 26 (16) 31% 106 (77) 12%
AK, Above-knee thigh-length; BK, below knee; VFI, venous ﬁlling index
in mL/s; VFT90, venous ﬁlling time to 90% of venous volume in seconds;
VV, venous volume in mL.
Results are expressed as median (interquartile range) percentage
improvement.
Fig 5. Signiﬁcant reductions in venous volume (VV) in relation to
class and length of stocking. The dashed line represents no
improvement. AK, Above knee; BK, below knee.
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1. The number (percentage) of legs with a normal VFI
(#2 mL/s) without a stocking was 4 of 40 (10%).
The number of legs with a normal VFI with a stocking
in place was BK class I: 11 of 40 (27.5%), BK class II: 7
of 40 (17.5%), AK class I: 12 of 40 (30%), and AK class
II: 10 of 40 (25%). This indicated that a GEC stocking
was unable to abolish reﬂux in the majority of patients.
2. The VFI was reduced in 28 of 40 (70%) of legs irrespec-
tive of the class or length. When stratiﬁed by stocking
type, a reduction in VFI was demonstrated in 32, 31,
33, and 32 legs, with a BK class I, BK class II, AK class
I, and AK class II, respectively. This indicated that
a GEC stocking was successful in reducing reﬂux in
most patients.
APG improvements and correlations with reﬂux.
As seen in Figs 3-5, each stocking succeeded statistically in
improving all APG parameters (VFI, VFT90, and VV)
compared without compression. However, there was no
statistical difference between themagnitude of improvementbetween stockings. This indicated that stocking class or
length were unrelated variables in reducing reﬂux.
The degree of improvement in the stocking VFI
appeared to correlate with the prestocking VFI (Fig 6,
Table III), indicating that greater reﬂux at baseline resulted
in more beneﬁt with compression. The correlations were all
moderate to poor, but signiﬁcant, with no difference
between stocking class or length.
Patient preferences. Patients were questioned on
their use of compression by question 10 of the VCSS in
order to determine compliance. The results were not
used (7/34, 20.6%), intermittent use (3/34, 8.8%), most
days (3/34, 8.8%), and full compliance (21/34, 61.8%).
On arrival for the study, eight legs had no compression,
two legs were in compression bandages, one had a midcalf
Fig 6. Signiﬁcant correlation between the degree of reﬂux without
compression and the improvement of the venous ﬁlling index (VFI)
with graduated elastic compression (GEC). In two patients/four
legs (ﬁlled circles), the VFI signiﬁcantly deteriorated.
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complete stratiﬁcation of compression and the number of
subsequent changes are illustrated in Fig 7. After the
study session, patient preferences and physician insistence
that a stocking was necessary resulted in a change or a new
stocking prescription in 31 legs as follows: AK ¼ 9,
BK ¼ 9, class change ¼ 4, size change ¼ 7, and a change
to a closed toe ¼ 2. Interestingly, 21 (52.5%) patients
indicated they wanted to change their compression, and
38% of these (8/21 patients, 9/21 legs) preferred an AK
stocking.
Short-term follow-up on whether these changes actu-
ally took place did not occur and was not part of the study
protocol. However, these results indicate that signiﬁcant
changes (length, class, or size) are required in determining
a suitable GEC in 29 of 40 (72.5%) legs and that an AK
stocking may be preferable in many patients.DISCUSSION
The use of APG in evaluating the performance of
compression was documented as early as 1987,15 and since
then, there have been studies comparing stockings in rela-
tion to manufacturer18 and compression strength.19 There
is a systematic review on 14 of 29 randomized controlled
trials comparing knee-length versus thigh-length thrombo-
embolic deterrent stockings for the prevention of DVT.20
They concluded that they were equally effective, but the
former may offer advantages in terms of patient compliance
and cost. Compression strength or hemodynamic parame-
ters were not reported in that analysis.To our knowledge, this is the ﬁrst study to examine the
hemodynamic performance of GEC strength as well as
stocking length using APG in patients with PTS. The
combination of circumference measurements, interface
pressure, and APG as an evaluation technique was sug-
gested in a consensus paper from members of the Interna-
tional Compression Club.21 Although this paper was
written in relation to compression bandages, the usefulness
of these measurements was illustrated.
Two previous studies are noteworthy. In one study, 11
patients were randomly allocated to a sequence of four
brands of knee-high, 30- to 40-mm Hg stockings.18 The
authors found that stockings decreased the VFI and VV
with an increase in the VFT90, in support of the current
study, but in contrast, none of the parameters studied
were statistically signiﬁcant. Another study on 19 female
patients (20 legs) with moderate varicose veins used light-
weight compression stockings of 7, 10, and 14 mm Hg.19
They found that the mean VFI decreased from 5.7 mL/s
without stockings to 4.6, 3.9, and 3.4 mL/s, respectively
(P < .0002), indicating that even lightweight compression
can have a signiﬁcant effect on venous hemodynamics.
In our study, 10% of the PTS legs had a normal initial
value of VFI without compression. Approximately 25% of
patients with PTS did not improve as a result of wearing
a GEC stocking, and only 25% to 30% had a VFI that
returned to normal. The reasons for this are likely to be
multi-factorial. First, the properties of a GEC stocking are
that it must be graduated with decreasing pressure from
the ankle upward. While this is strictly adhered to by the
manufacturer ex vivo, the situation is often different on the
leg of a patient. In an open study of 50 patients with chronic
venous disease (CVD) using round knitted GEC stockings
and interface pressure measurements at ﬁve deﬁned points,
only 66% had a continuous distal-proximal descending pres-
sure gradient.22 In another study in 89 patients following hip
or knee replacement, a reversed pressure gradient was
detected in 54% of patients wearing a BK-GEC stocking.23
Its presence was associated with a signiﬁcantly higher inci-
dence of DVT (25.6% vs 6.1%; P¼ .026). Reversed pressure
gradients could also hamper venous return, resulting in
adverse changes to the VFI, VFT90, and VV.
Second, stockings can cause band-like constrictions if
they roll down, form overlapping pleats with poor applica-
tion, or constrict from wide discrepancies in the cross-
sectional areas of the leg. The current study observed
a range in cross-sectional area from a factor of 2.1 to 4.0,
comparing the point at the narrowest part of the ankle to
the widest part of the calf. Third, the reason for a failure
to restore the VFI to normal may relate to ineffective
compression strength. A study on 12 patients with venous
ulcers and popliteal vein reﬂux >1 second on duplex
revealed that a reduction in VFI was achieved only with
a thigh pressure of 60 mm Hg, intolerable with elastic
material but tolerated using inelastic compression.24 They
concluded that the compression exerted using a thigh
length class II stocking, 15 mm Hg at the thigh, is too
low to produce signiﬁcant hemodynamic effects, although
Fig 7. Signiﬁcant changes (strength, length, or size) to compres-
sion as a result of the study environment. The numbers on the lines
indicate the number of changes. The seven changes in stocking
size (six below knee [BK], one above knee [AK]) are not shown.
GEC, Graduated elastic compression.
Table III. Correlation between baseline VFI against the change in VFI (baseline VFI e stocking VFI) following the
application of various stockings
VFI improvement
(median and interquartile range)
r value
(Spearman rho test)
P value
(Spearman rho test)
Class I (18-21 mm Hg) 1.10 (0.3-2.18) .420 <.0005
Class II (23-32 mm Hg) 1.05 (0.2-2.08) .350 .001
Below knee 1.0 (0.13-2.08) .327 .003
Above knee (thigh-length) 1.10 (0.4-2.38) .452 <.0005
All stockings summary 1.10 (0.2-2.10) .390 <.0005
VFI, Venous ﬁlling index in mL/s.
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resonance imaging with a pressure of 7 mm Hg in the
supine position.25 A recent duplex study on eight patients
with reﬂuxing great saphenous veins, without deep venous
reﬂux, revealed that an ankle pressure of between
90 mm Hg and 100 mm Hg was unable to abolish reﬂux
in 5 of 8 patients.26 This pressure was achieved using three
sequentially applied 30- to 35-mm Hg stockings. It likely
that such high pressures will not be tolerated by patients,
increase the difﬁculty in application, and result in skin
trauma with prolonged use. Our study was limited to class
I and class II stockings since this was the most common
type of stocking prescribed.
In the present study, approximately 72.5% of legs
needed to have their compression re-evaluated with eight
(20%) presenting at entry into the study without any form
of compression and an extra two (5%) with inadequate
compression, despite earlier clinical advice. There are several
reasons for noncompliance in the literature. In a population-
based study of 16,770 patients with CVD, the reasons for
discontinuation at a follow-up visit were high cost
(33.0%), sweating (27.3%), itching (13.6%), cosmetic
(13.6%), edema (6.8%), exudation (3.4%), and difﬁcultywith application (2.3%).27 In another study of 3144 CVD
patients referred to a tertiary practice, the reasons for non-
usage were none speciﬁed (30%), none prescribed (25%),
no beneﬁt (14%), cutting off of the circulation (13%), too
hot to wear (8%), soreness (2%), cosmetic (2%), application
difﬁculty (2%), itch or dermatitis (2%), and other (2%).28
They concluded that the reasons for noncompliance can
be grouped into wear/comfort factors and an intangible
sense of restriction imposed by the stocking.
A questionnaire survey on 110 of 200 (55% response
rate) consecutive CVD patients reported side effects of
dry skin (58.5%), slipping (29.1%), and constriction
(24.5%) with only 29.1% voting the stocking as “comfort-
able.”29 Another questionnaire survey on 150 of 207 (72%
response rate) PTS patients reported a 74% daily compli-
ance rate, with the main reasons of nonregular use as difﬁ-
culty in application, discomfort, and their appearance.30
Furthermore, it is also known that control visits can
increase the frequency of GEC stocking use by 37.4%.27
The present study has shown that poor compliance may
be attributed to rigid prescribing patterns based on a belief
that a particular length or strength of stocking is better for
the patient. Relying on a manufacturer’s chart and the expe-
rience of the ﬁtter to select the size is important. However,
a stocking testing environment, analogous to a ﬁtting room
in a department store, allowing patients to choose their own
stocking based on comfort is strongly recommended. This
has been shown in this work to result in a change or a new
prescription in 72.5% of legs. Although not part of this
study, it is likely that such a patient-oriented approach to
stocking selection will improve overall compliance. Custom-
ization, based on circumferential leg measurements at stan-
dardized locations, may reduce the number of patients with
reverse pressure gradients, improve comfort, and ultimately
result in better compliance. The option to order measure-
to-made GEC stockings may be required more often than
it is used in day-to-day practice.
Limitations. This study has focused on the effective-
ness of stockings at controlling reﬂux by using the VFI,
VFT90, and VV parameters of APG, on the assumption
that a reduction in reﬂux will reduce the morbidity associ-
ated with PTS. The reasons for selecting reﬂux were, ﬁrst,
that it is the most useful diagnostic APG parameter
to study,31-34 and second, because stockings are likely
to be more effective at controlling reﬂux than improving
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to determine the morbidity of PTS is the degree of
mechanical or functional obstruction to venous return, for
example, in obesity.35 It is not known how GEC may
inﬂuence this other than by an improvement in CMP
function or a reduction in VV. To date, there are no useful
diagnostic tests that can quantify outﬂow resistance,
although measurements of outﬂow fraction with APG can
be meaningful in some situations.36 Ambulatory venous
pressure measurement is considered the gold standard test
in assessing venous function but was not performed in our
cohort for ethical reasons.37
CONCLUSIONS
Compression stockings signiﬁcantly improved hemo-
dynamic performance in patients with PTS, evidenced by
a reduction in the rate of venous ﬁlling and venous volume
with an improvement in reﬂux duration. The extent of
improvement correlated with the initial magnitude of
reﬂux, irrespective of the class or length of stocking.
Furthermore, 72.5% of legs required a change of GEC or
new prescription, with 8 of 21 (38%) patients preferring
an AK stocking. These results support the liberal selection
of a GEC stocking based on the preference of the patient.
We are grateful to Ealing Hospital NHS Research and
Development, Middlesex, United Kingdom, and Medi UK
Ltd (Plough Lane, Hereford, United Kingdom), who
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